Introduction
============

Due to the insight into the cancer etiology and pathology and the dramatic advances in tumor diagnosis and treatment, cancer mortality has declined in recent years. However, cancer remains one of the most deadly diseases, affecting the quality of life of patients and their families seriously.[@b1-ijn-12-8483] Currently, the main treatments used in tumor therapy are: surgery, chemotherapy, radiotherapy, immunotherapy, biological therapy, and Chinese medicine treatment.[@b2-ijn-12-8483]--[@b4-ijn-12-8483] Particularly, chemotherapy is not only one of the main therapy of cancer treatment, but also can be used as an adjuvant therapy combined with other therapies such as surgery and radiotherapy to enhance the curative effect.[@b5-ijn-12-8483]--[@b8-ijn-12-8483] But the clinical stage of tumor cannot be reflected accurately via current tumor diagnosis and pre-diagnosis, making correct and timely treatment to the patient very difficult.[@b9-ijn-12-8483] At the meantime, drawbacks of chemotherapy have been revealed gradually: many chemotherapy drugs cannot distinguish the tumor cells and normal cells accurately, so they would attack the body's normal tissue cells along with tumor cells, thus causing intolerant side effects such as rash, alopecia, severe liver and kidney function decline, cardiotoxicity, secondary infection, bone marrow suppression (which affect the effect of chemotherapy), and the life quality of the patients seriously.[@b10-ijn-12-8483]--[@b14-ijn-12-8483] In addition, there is a consensus that multiple drug resistance (MDR) is an important reason to reduce the effect of chemotherapy.[@b15-ijn-12-8483]--[@b20-ijn-12-8483] There has been much research on the mechanism of MDR in the recent years,[@b21-ijn-12-8483],[@b22-ijn-12-8483] and scientists are trying to explore the mechanisms to overcome MDR such that chemotherapy drugs could exhibit a higher efficacy.

In recent years, we have profoundly studied the mechanism of tumor invasion and metastasis, as well as the phenotype of tumor cells. Some targeted drugs have also been developed as a specific treatment for cancer chemotherapy.[@b23-ijn-12-8483] However, it is not enough to improve the specificity of chemotherapy drugs alone. On the one hand, because of the presence of several biological barriers, such as the mono-nuclear phagocyte system,[@b24-ijn-12-8483] blood--brain barrier (BBB),[@b25-ijn-12-8483],[@b26-ijn-12-8483] kidney filtration,[@b27-ijn-12-8483],[@b28-ijn-12-8483] and so on, chemotherapy drugs have difficulty in reaching the tumor site and may not reach the effective concentration in some tissues. On the other hand, the role of chemotherapy drugs will also be affected by human metabolism. Meanwhile, when it comes to preventing tumor recurence and MDR, these chemotherapy drugs cannot achieve satisfactory results. To solve these problems, we need new specific anticancer drugs and precise drug delivery systems. It is necessary to seek a highly targeted drug delivery pathway for drugs.[@b29-ijn-12-8483]

Nowadays, with an increased understanding of nanomaterials and the application of nanotechnology, the combination of nanotechnology and cancer chemotherapy has attracted wide attention and exploration, which also provides a new promising opportunity for cancer-targeted therapy.[@b30-ijn-12-8483],[@b31-ijn-12-8483] Several nanodrugs have also been used in clinical practice ([Table 1](#t1-ijn-12-8483){ref-type="table"}). Higuchi et al conducted a multicenter study on the efficacy and tolerability of albumin nanoparticles in combination with paclitaxel and carboplatin in the treatment of recurrent and advanced non-small-cell lung cancer in a sample size of 25 patients,[@b32-ijn-12-8483] which indicated nanomedicine may be a promising treatment. At present, nanoparticles that are commonly used include liposomes, polymer nanoparticles, dendrimers, carbon nanotubes, silica nanoparticles, metal nanoparticles, magnetic nanoparticles, and so on. In this paper, the effects of several major parameters of nanoparticles on their physical and chemical properties are reviewed, and we evaluate the newest advances in using nanoparticles as delivery systems for anticancer drugs ([Table 2](#t2-ijn-12-8483){ref-type="table"}).

Main parameters of nanoparticles
================================

Size
----

Size is one of the most important parameters for the selection of nanocarriers. The size of nanoparticles can influence the cellular uptake, and due to the tendency to form clusters in the solution, the size of nanoparticles can also increase.[@b33-ijn-12-8483],[@b34-ijn-12-8483] A recent study on the uptake of oxide nanoparticles by human pneumonocytes in vitro showed that the aggregation effect of nanoparticles is based on their size.[@b35-ijn-12-8483],[@b36-ijn-12-8483] The observation and analysis of three types of magnetic nanoparticles (MNPs) by Ge et al indicated that MNPs with different sizes and surface characters can cause different cell responses, especially in aggregation of MNPs, and the larger particles would produce higher cellular uptakes.[@b37-ijn-12-8483] A similar study on the relationship between the size of ceria nanoparticles and cellular uptake showed a linear relationship within a certain range. The cellular uptake of larger particles was significantly higher than that of smaller particles in the same concentration.[@b35-ijn-12-8483] Bartczak et al reported that the uptake of spherical gold nanoparticles with diameters \<50 nm was higher than that of 14 or 74 nm particles.[@b38-ijn-12-8483] The results of Pfeiffer et al suggested that the size of gold and silver nanoparticles is affected by pH of the surrounding environment; when the pH is \<7, the aggregation of particles is more obvious, which makes the size and stability of particles to increase significantly.[@b39-ijn-12-8483] In addition, the size of nanoparticles can also affect its removal in vivo. Yu et al's study on inorganic nanoparticles showed that the smaller the particles, the higher the renal clearance.[@b40-ijn-12-8483] Particle size can also influence the pathway of cellular uptake. It is reported that spherical particles with size ≤200 nm enter the cell through clathrin-mediated cell uptake, which is the major mechanism of these large nanoparticles.[@b41-ijn-12-8483],[@b42-ijn-12-8483]

Shape
-----

The shape of the particles is also an important parameter that affects their performance.[@b43-ijn-12-8483],[@b44-ijn-12-8483] Studies have shown that pathways by which particles enter the cells, cycling time, targeting effect, ability to overcome biological barrier, and other properties depend largely on particle shape and size, because these characteristics are likely to influence the particles in the blood transport, especially in small vessels and tumor vessels, and how cells perceive and respond.[@b45-ijn-12-8483] Bartczak et al studied gold nanoparticles of four different shapes: spherical particles, rod-shaped particles, hollow particles, and silica-gold core-shell particles. The results showed that the cellular uptake of particles of different shapes was different; the uptake of spherical particles was the highest and that of hollow particles was the lowest.[@b38-ijn-12-8483] In hydrodynamics, the shape plays an important role in the transport of particles in the fluid and is well recognized.[@b46-ijn-12-8483]--[@b48-ijn-12-8483] In particular, the shape and shape correlation factors, such as aspect ratio or geometric structure, can affect the transport properties of particles and the interaction between the cells and the particles.[@b49-ijn-12-8483] Chan reported that compared with rod-shaped gold nanoparticles, spherical gold nanoparticles of similar size had a higher tendency to be taken up by Hela cells, and the cellular uptake of spherical particles of size 14 or 75 nm was 2.75--5 times that of rod-shaped particles of size 75×14 nm.[@b50-ijn-12-8483],[@b51-ijn-12-8483]

Surface charge
--------------

Surface charges are closely related to various biological performances of the nanoparticles,[@b52-ijn-12-8483],[@b53-ijn-12-8483] such as solubility, biodistribution, stability, cellular uptake, cytotoxicity, and the like. The charge response between particles and cells is an important basis for these biological performances.[@b54-ijn-12-8483] The experimental results of Tang et al showed that when the nanoparticles are dispersed in the culture medium, only positively charged particles can be ingested by the cells; if the particles are connected to the protein, the electrostatic difference between the positively and negatively charged particles can be almost completely eliminated.[@b55-ijn-12-8483] Although protein-coated particles may help identify antigens or receptors, they are not very important in determining particle-to-cell attraction. The adsorption between particle and cell membrane and membrane transport by the surface charge,[@b55-ijn-12-8483]--[@b57-ijn-12-8483] mainly because the cell membrane is negatively charged, sometimes with a small amount of positive charge of the patch, therefore, the positively charged particles are more easily than negatively charged or neutral particles by cell membrane adsorption. Graf et al, based on the study of silica nanoparticles, found that high positive charge particles can induce effective cellular internalization, while negatively charged particles and the poly(ethylene glycol) (PEG)-functionalized particles show reduced cellular uptake.[@b58-ijn-12-8483]

Toxicity and cytotoxic effects
------------------------------

Inevitably, the nanoparticles are potentially toxic to the human body, therefore nanoparticles must undergo rigorous screening and testing before they can be applied to clinical practice.[@b59-ijn-12-8483]--[@b61-ijn-12-8483] Therefore, toxicity is an important consideration for the choice of nanocarriers. More research needs to be carried out in this respect. It is well known that the toxicity of nanoparticles is related to size, shape, concentration.[@b62-ijn-12-8483] Ge et al's study showed that at lower concentrations (\<40 μg/mL), the cytotoxic effect of MNPs was smaller than that at high concentrations (\>80 μg/mL).[@b63-ijn-12-8483] The toxicity may be related to the reactions between nanoparticles and biological environment in the human body. In addition, the structure of nanoparticles itself is also an important reason for determining its toxicity, especially the core material. The leakage of toxic substances caused by the decomposition of nanoparticles may be the simplest mechanism for their toxicity.[@b64-ijn-12-8483] The decomposition can be mitigated using an inorganic core or a shell, such as a silicon shell, which is structurally stable on its surface or embedded in a cross-shaped polymer.

These various parameters of nanoparticles are important considerations that determine their properties, which are demonstrated by strong theoretical and experimental results, and are important for the apparent design of nanomedicine. For these above factors, rational use of these parameters and to be modified to change the physicochemical properties of nanoparticles, such as permeability, drug loading, targeting specificity, overcome MDR, low toxicity, and finally realize the optimization control of application of nanomedicine treatment to cancer, that is, to achieve the individual tumor precise treatment requirements.

Main types of nanoparticles
===========================

Liposomes
---------

Liposomes are spherical structures consisting of a hydrophilic core and a hydrophobic shell, which enables them to carry both hydrophilic and lipophilic drugs.[@b65-ijn-12-8483],[@b66-ijn-12-8483] The use of liposomes as nanocarriers for chemotherapy has many advantages, such as high drug encapsulation efficiency and drug loading capacity, good stability, specific targeting and lymphatic orientation, sustained release effects, good biocompatibility, low immunogenicity, and less side effects.[@b67-ijn-12-8483],[@b68-ijn-12-8483] It is demonstrated that liposomes can change the transdermal behavior of high-molecule-weight drugs in transdermal preparations.[@b69-ijn-12-8483] The second generation of liposomes (modified by PEG) can effectively avoid the phagocytosis of mononuclear macrophage system in vivo, thereby prolonging the cycle time by using hydrophilic carbohydrates and polymer modifications.[@b70-ijn-12-8483] If the target molecules are further connected to the surface of the liposomes, active targeted transport can be realized, so that the chemotherapeutic drugs are effectively accumulated in the tumor tissue. In addition, liposomes as nanocarriers of chemotherapy drugs have also been used in breast cancer, ovarian cancer, and Kaposi's sarcoma treatment, and achieved good results.[@b71-ijn-12-8483],[@b72-ijn-12-8483] Recently, the liposomes have been used to target CD45 and/or CD90 of T-cells in vitro and in vivo to realize adoptive immunotherapy.[@b73-ijn-12-8483] Liposomes have recently been used to deliver the drug into the inner ear to overcome the blood-cochlear obstacle and round window membrane, and provide a promising efficacy for inner ear disease.[@b74-ijn-12-8483] Wang et al modified doxorubicin-liposome (DOX-liposome) with polymethacrylate derivatives (DOX-ERLP). The in vitro study on MCF7/Adr cells and liver cancer H22 cells showed DOX-ERLP can cause cancer cell death efficiently,[@b75-ijn-12-8483] and the in vivo study on H22-bearing mice presented an obvious cancer cell apoptosis and necrosis compared with control groups.[@b75-ijn-12-8483] Recently, Truzzi et al focused on the antitumor effects through lymphatic circulation, using solid lipid nanoparticles (SLNs) to encapsulate iron oxide nanoparticles and heparin, to simulate the intestinal lymphatic absorption of oral administration in CaCo-2 cells;[@b76-ijn-12-8483] this approach demonstrates that SLNs can be used as an important route of delivery for oral administration. Zhang et al designed lipid-coated zinc phosphate hybrid nanoparticles coupled with vaccine based on the specific immune response in vivo, in order to transfer peptide and adjuvant to achieve tumor immunotherapy.[@b77-ijn-12-8483] Based on the study of metastatic melanoma model, it was confirmed that the nano-vaccine could enhance the presentation of tumor antigen and induce cytotoxic T lymphocytes (CTL) response, and enhance the monitoring of immune system to tumor growth, metastasis. This nanoparticle-based vaccine can also be applied for the treatment of other tumors and thus has a bright future in the tumor immune treatment.[@b77-ijn-12-8483]

Polymeric micelles
------------------

Polymeric micelles are a type of micelles composed of block copolymers, which consist of hydrophilic and hydrophobic monomer units.[@b78-ijn-12-8483]--[@b80-ijn-12-8483] The core-shell structure of the polymer micelles can be varied by changing the composition of the monomers in the polymer chain.[@b81-ijn-12-8483],[@b82-ijn-12-8483] The core of polymeric micelles is composed of densely packed polymer matrix, which can be filled with hydrophobic drugs.[@b83-ijn-12-8483] This structure enables the polymer micelles to be utilized as suitable and effective nanocarriers. Liu et al designed poly(lactic-co-glycolic acid) nanoparticles modified with transferrin to use it as a carrier for DOX and then targeted the nanomedicine to leukemia K562 cells showing high expression of transferrin receptor; the result showed that the effect of DOX on killing tumor cells was significantly increased.[@b84-ijn-12-8483] Li et al has demonstrated good stability, efficient cellular uptake, and cytotoxicity of DOX-loaded copolymers on Hela cells and COS7 cells by in vitro tests.[@b85-ijn-12-8483] Shaarani et al designed an in vitro drug release study and showed Pluronic polymer (F127) can be used as a good carrier for thymoquinone and some other similar drugs;[@b86-ijn-12-8483] the results suggested that polymeric micelles had the potential to increase the bioavailability of drugs to specific cells. Gao et al designed a micellar system called 7-pep HD micelles, and the in vitro study on MCF/Adr cells and in vivo study on MDR tumors-loaded female nude mice indicated that these biodegradable micelles can effectively target the MDR tumor whose surface overexpresses transferrin and overcomes MDR.[@b87-ijn-12-8483] Gastric cancer tends to overexpress MiR-21; to combat this condition, Wu et al developed a novel nano-delivery system called anti-miRNA oligonucleotide-21-human epidermal growth factor receptor-poly(ethylene glycol)-poly(ε-caprolactone) nanoparticles, and then used it to encapsulate trastuzumab to target gastric cancer cells in vitro and in vivo.[@b88-ijn-12-8483] As a result, gastric cancer cells were more sensitive to drugs, and this demonstrated the enormous potential of antibody-dependent targeted transport. In addition, Nam et al constructed a novel nanocarrier based on the mussel-inspired mineralization using calcium phosphate-assembled polymer nanocarrier to load DOX. A series of analyses and in vitro tests in SCC7 cells proved that the nanocarrier has good stability, high cellular uptake, and low toxicity, and may be used in the delivery of many hydrophobic antineoplastic drugs in the future.[@b89-ijn-12-8483]

Dendrimers
----------

Dendrimers are a class of molecules that are polymerized from a large number of branched monomers.[@b90-ijn-12-8483] There are many functional groups on its surface that can be used as chemical reaction sites.[@b91-ijn-12-8483] In general, the dendrimers bind to the drugs mainly by administering the drug into the the dendrimers or connecting the drugs to the functional groups on its surface.[@b92-ijn-12-8483] The use of dendrimers in the drug delivery can effectively prevent the enzymatic hydrolysis of the drug in the body, thus it can extend the drug action time and increase the efficacy. At present, drug-loaded nanoparticles conjugated with paclitaxel have been used in the treatment of tumors. In addition, the nanocarrier prepared by dendrimers shows enhanced permeability and retention effect ([Figure 1](#f1-ijn-12-8483){ref-type="fig"}), so it can achieve passive targeted administration. Currently, drug-loaded nanoparticles conjugated with paclitaxel have been used in the treatment of tumor.[@b93-ijn-12-8483],[@b94-ijn-12-8483] Nguyen et al studied letrozole-loaded poly(amidoamine) (PAMAM) dendrimer G3.5 coated Hep by an in vitro release test, which showed a potential drug release ability of pH- and redox-responsive PAMAM dendrimers;[@b95-ijn-12-8483] this study indicated that dendrimers can be used as effective nanocarriers. Zarebkohan et al developed a PAMAM-PEG-serine-arginine-leucine (SRL) nanocarrier to target C6 glioma. In in vitro tests, GFP, green fluorescence protein (GFP)-loaded dendrimer showed specific target ability, which indicated PAMAM-PEG-SRL nanocarrier had potential to be used for gene delivery to overcome BBB barrier and brain diseases.[@b96-ijn-12-8483] In addition, it is reported that dendrimers have been applied for psoriasis skin treatment in an in vitro study.[@b97-ijn-12-8483] Soibermon et al used G4-PAMAM dendrimer to deliver dexamethasone for corneal inflammation. An in vivo study in a rat mild alkali burn model showed dendrimer to be a potential drug delivery platform for corticosteroids to address sustained delivery and enhanced bioavailability for eye diseases.[@b98-ijn-12-8483]

Carbon nanotubes
----------------

Carbon nanotubes (CNTs) are made of single or multilayer graphene sheets.[@b99-ijn-12-8483] They are characterized by a large surface area, stable nature, and unique optical, electronic, and other excellent properties.[@b72-ijn-12-8483] CNTs are not only a new carrier for drug transport, but also an important tool for tumor imaging and physical ablation. According to the number of wall layers, CNTs can be divided into single-walled CNTs (SWCNTs) and multiwalled CNTs (MWCNTs).[@b100-ijn-12-8483] Simple CNTs structure cannot be applied to drug delivery directly, only through the peptide, protein, nucleic acid or drug molecules functionalized with low toxicity and nonimmunogenicity, can be used as drug carrier. Most of the current studies on the use of CNTs as drug delivery systems are focused on chemotherapy drugs, such as DOX, paclitaxel, and so on. However, it is necessary to further explore the interaction between CNTs and organism, the interaction mechanism between cells, the biocompatibility, and safety. Dong et al explored the potential of MWCNTs-transactivator of transcription-chitosan (TC) as carriers of DOX against BEL-7402 cells in vitro, which demonstrated that this drug delivery system had good treatment efficacy on cancer and revealed its application potential for cancer therapy.[@b101-ijn-12-8483] It is well known that CNTs play an important role in gene therapy. Huzil et al compared metallic SWCNTs with semiconducting CNTs on siRNA delivery; the results in murine PAM212 keratinocytes showed that metallic SWCNTs can be transferred into the nucleus, while the transport of semiconducting CNTs was limited since they could only only enter the cytoplasm.[@b102-ijn-12-8483] This result suggests that metallic SWCNTs can provide a specific target to the nucleus and has a potential to apply in gene delivery. In addition, Tan et al explored silibinin-loaded CNTs with surface coating surfactant and polymer in mouse fibroblast cells, proved its biocompatibility was improved significantly, and the results also showed the sustained release effect of this drug delivery system.[@b103-ijn-12-8483] Qin et al reported the adverse effects of SWCNTs in an in vitro study, and showed that long-term and repeated intravenous administration of carboxylated SWCNTs can cause persistent accumulation and induce fibrogenesis in rat lungs.[@b104-ijn-12-8483] The results suggest that the issue of long-term toxicity associated with nanoparticles needs to be addressed. The physicochemical properties of nanomaterials play an important role in improving the cell delivery of nanoparticles, and the surface functionalization could change these properties to satisfy the various demands. For instance, Iannazzo et al reported that MWCNTs modified by hydrophilic moieties at free carboxylic groups induce a better water dispersibility, which is relevant for the interaction between biological tissue and nanomaterials.[@b105-ijn-12-8483] Both Bianco et al and Pistone et al highlighted that the biocompatibility, biodegradability, and release ability of CNTs can be modified by the surface functionalization (eg, hydrophilic PEG chain) and the introduction of structural defects.[@b106-ijn-12-8483],[@b107-ijn-12-8483]

Mesoporous silica nanoparticles
-------------------------------

According to the different preparation processes, mesoporous silica nanoparticles (MSNs) can have a variety of shapes and sizes.[@b108-ijn-12-8483] Gao et al used different sizes of MSNs to carry DOX, and then used them against drug-resistant breast cancer cells (MCF-7/Adr); the results suggested that the antitumor activity of MSNs showed a dependence on the pore size.[@b109-ijn-12-8483] The larger pore size of MSNs can make the cancer cells to absorb DOX faster, so that the rapid accumulation of intracellular drugs plays a strong role in the reversal of MDR. It is clear that MSNs as a carrier for targeted therapy have great potential for overcoming MDR. Su et al reported that red blood cell membrane-coated MSNs loaded with DOX and chlorin e6, which form a new type of nanoparticle, can produce a longer cycle time, good imaging effect, sustained drug release, as well as an obvious anticancer effect in 4T1 breast cancer mouse model.[@b110-ijn-12-8483] In most cases, MSNs are used to encapsulate small hydrophobic drugs, but the recent use of transport gene sequences has become a new research focus.[@b111-ijn-12-8483] Prabhakar et al proved that MSNs modified by polyether imide can deliver siRNA and induce a special interaction between cells and nanoparticles; the results demonstrated high cellular uptake and entry into the endosomes in MDA-MB-231 cells,[@b112-ijn-12-8483] which indicated MSN-based nanocarriers provide a potential therapy for effective and specific gene delivery. Biswas designed a MSN carrier to deliver valsartan (VAL). The MSNs were modified by aminopropyl groups and pH-sensitive polymer Eudragit L 100-55. The in vitro tests showed that this combination of nanoparticles and VAL has a good solubility and higher bioavailability compared to the individual drugs, and the in vivo tests on rats showed this nanodrug can lead to more sustained antihypertensive effects.[@b113-ijn-12-8483] Cheng et al designed *D*a-tocopheryl polyethylene glycol 1000 succinate-functionalized polydopamine-modified MSNs loaded with DOX, and through the mice model tests proved that they had a strong inhibitory effect on MDR non-small-cell lung cancer cells, which provided a creative idea for the application of nanodrug delivery system to overcome the MDR.[@b114-ijn-12-8483]

Gold nanoparticles
------------------

Metal nanoparticles are also commonly used in drug delivery systems, of which the more commonly used are gold nanoparticles (GNPs). It is well known that GNPs have good biocompatibility, high binding affinity, high selective target property, and low toxicity compared with other inorganic nanoparticles,[@b115-ijn-12-8483] so GNPs have been widely used and have become a hotspot in the research of new nanocarriers. Cui et al designed PEG-modified GNPs to deliver DOX, and the results showed that the nanomedicine had higher solubility, stability, and dispersibility.[@b116-ijn-12-8483] In addition, GNPs have a unique two-step drug release, respectively, in the lysosome and in the cytoplasm, thus a controlled and sustained release of the drug can be achieved which in turn can improve the antitumor effect of the drugs.[@b116-ijn-12-8483] Hamzawy et al designed to use GNPs and liposome-embedded GNPs (LGNPs) to deliver temozolomide (TMZ). TMZ-loaded GNPs (TGNPs) and TMZ-loaded LGNPs (LTGNPs) were used against urethane-induced lung cancer in BALB/c mice through intratracheal inhalation. The results of this in vivo study showed that both TGNPs and LTGNPs have an improved curative effect and low toxicity, and the synergistic effect produced by LTGNPs can improve the properties of the particles.[@b117-ijn-12-8483] Alalaiwe et al conducted a test in order to evaluate the quantitative oral bioavailability of PEG-coated GNPs in rats by measuring the concentration of gold in the blood, liver, spleen, and kidneys of rats at different time intervals after oral administration of a certain dose of GNPs;[@b118-ijn-12-8483] however, this classical approach to analyze bioavailability needs more studies. In recent years, hyperthermia and photodynamic therapy have received considerable attention, and numerous studies have shown their great potential for cancer treatment. Freitas et al attached two tetracarboxylated zinc phthalocyanines to the surface of gold nanorods to form a new nano-delivery system, and then were made to act on melanotic B16F10 and amelanotic B16G4F melanoma cells. The evaluation showed that more than 90% of the melanoma cells are eliminated. The synergistic effect of hyperthermia and photodynamic therapy in this novel nanodrug delivery system has the potential to effectively treat tumors.[@b119-ijn-12-8483] A novel β-cyclodextrin-{poly(lactide)-poly(2-(dimethylamino) ethylmethacrylate)-poly\[oligo(2-ethyl-2-oxazoline) methacrylate\]}~21~ \[β-CD-(PLA-PDMAEMA-PEtOxMA)~21~\]-based unimolecular micelle GNPs were designed by Lin et al. They studied the computer topography imaging and drug delivery functions of this nanocarrier in HepG2 tumor cells and NOD/SCID mice model. At the same time, the dissipative particle dynamics (DPD) simulations found that hydrophilic shell with long side chains and high degree of polymerization can increase the stability and the ability of controlled release; thus, the nanocarrier had multiple functions and increased the efficacy of anticancer drugs and played a guiding role for the optimization design of the nanocarrier.[@b120-ijn-12-8483] Recent studies on targeted drug delivery systems based on nanoparticle nanocarriers have utilized enhanced plasmonic nanogrids, enabling Raman spectroscopic evaluation of anticancer drugs and targeting loading and release of ligands. Kurzatkowska et al and Madison et al, respectively, designed and tested a novel spherical GNP-based surface-enhanced Raman scattering (SERS) nanogrid sensor, and their results proved that this new drug delivery system can be applied to the immobilization of anticancer drug and small molecule linkers embedded in the nanogrid sensor.[@b121-ijn-12-8483],[@b122-ijn-12-8483] Similar SERS nanobiosensors were also applied to investigate DNA damage by chemotherapeutic drug DOX.[@b123-ijn-12-8483]

A wide variety of nanoparticles have been used extensively, and nanopharmaceuticals have the unlimited potential to be used in cancer diagnosis and treatment. In recent years, the exploration of new nanomedicine and drug carrier materials has been focused, and we are increasingly aware of the importance of cancer treatment and the need for precision treatment. In the context of the widespread need for costly treatment of neoplasms, many families are burdened with huge debts. However, research on new nanomedicine is still on the way forward, because on a large scale, nanotechnology has provided more opportunities to develop more effective personalized treatment platform, which is of extraordinary significance.

Conclusion
==========

Recently, the application of nanoparticles in the treatment of cancer has been extensively increased, which provides a promising approach to overcome the tumor in future. Through a series of theoretical and in vivo/vitro experiments, we can see that the characteristics of nanoparticles can be specially designed according to our needs, which requires a deeper understanding of tumor and nanotechnology. However, the current nanomedicine products are still in clinical trials, and the curative effect is not very precise compared with conventional chemotherapy. Nanomedicine needs further exploration, but this does not prevent nanotechnology from being the mainstay of cancer therapy in the future. Based on the mechanism of action, cell uptake, drug concentration, stability, efficacy, toxicity, and other characteristics, what we should to explore is preparing nanomedicine and regulating its performance, so that we can realize the goal of nanomedicine automation detection, intelligent monitoring, and mass production of the ideal target in the end. First of all, we need to conduct more rigorous research on animal models to verify the feasibility of nanomedicine. For nanodrug safety, especially long-term toxicity, we need to further obtain more data, reduce the nonspecific uptake of nanoparticles (in liver cancer, pancreatic cancer, and other high-risk, microenvironment-related malignant tumors), and should actively study the mechanism of nanotechnology in regulating tumor microenvironment and improving the malignant phenotype and efficacy. Blood system tumors should actively carry out nano-biological treatment and nano-enzyme diagnosis and treatment based on new peptides, antibodies, and aptamers, so as to overcome the MDR of the tumor. In addition, the advantages of nanodrugs compared with traditional chemotherapy should be further proved; besides, the design of personalized nanomedicine should be more reasonable and precise, and its cost needs to be more suitable for the level of public consumption, so that more patients can enjoy the developments in science and technology ([Figure 2](#f2-ijn-12-8483){ref-type="fig"}). We believe that in the near future, after full research, the wide use of nanodrugs for clinical purposes will become a reality.
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###### 

Nanoparticle-based products for cancer approved by FDA and/or EMA

  Product (trade name)                              Application in cancer
  ------------------------------------------------- ---------------------------------------------------------------
  Pegylated liposomal doxorubicin                   Kaposi's sarcoma, ovary, breast, myeloma
  Liposomal daunorubicin                            Kaposi's sarcoma
  NAB-paclitaxel (Abraxane^®^)                      Breast, lung, pancreas
  Liposomal doxorubicin                             Breast
  Liposomal vincristine (Marqibo^®^)                Adult acute lymphoblastic leukemia
  Liposomal cytarabine (DepoCyt^®^)                 Lymphomatous meningitis
  Liposomal mifamurtide (Mepact^®^)                 Osteosarcoma
  Low-pegylated liposomal irinotecan (Nal-IRI^®^)   Pancreas (Phase III completed, awaiting new drug application)

**Abbreviations:** EMA, European Medicines Agency; FDA, US Food and Drug Administration; NAB, nanoparticle albumin--bound.

###### 

The newest advances and targeted sites in using nanoparticles as delivery systems for anticancer drugs

  Nanoparticles                     Newest advances/targeted sites
  --------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Liposomes                         Breast cancer, ovarian cancer, Kaposi's sarcoma, T-cells, inner ear disease, MCF7/Adr cells, liver cancer H22 cells, CaCo-2 cells, melanoma, tumor immunotherapy
  Polymeric micelles                Leukemia K562 cells, Hela cells, COS7 cells, MCF7/Adr cells, gastric cancer cells, SCC7 cells, overcome MDR
  Dendrimers                        C6 glioma, psoriasis skin, eye diseases, gene delivery, overcome BBB barrier and brain diseases
  Carbon nanotubes                  BEL-7402 cell, gene delivery, fibroblast cells, surface functionalization
  Mesoporous silica nanoparticles   MCF7/Adr cells, 4T1 breast cancer, gene delivery, cardiovascular disease, non-small-cell lung cancer, overcome MDR
  Gold nanoparticles                Lung cancer, MDA-MB-231 cells, melanoma cells, HepG2 tumor cells, SERS nanogrid sensor

**Abbreviations:** BBB, blood--brain barrier; MDR, multiple drug resistance; SERS, surface-enhanced Raman scattering.
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